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ABSTRACT

The Theory of Inventive Problem Solving ("1 1PS o also knownas TR17) is a necw scientific
approach to innovative improvements of ppodo ctsand processes. This methodology was applied
to inventively improve performanice of arnnteprated Optic Rate Senisor (101{ S). The problem
was to improve angular rate sensitivity, 11{11 light is 10s1 due to the nced for an increased optical
waveguide length.In other wor ds. the) € are wound technical reasons to have e length of the
wavcguide both long and short  1)cvelopment of new innovative ideas was based onthe
understanding of the “1 .aws of lingincering System livolution”, “Inventive Principles” and
“I ffects” applied to solve this physical cont adiction. Using the “Inventive Machine Expert
System Software,” sixty-four pot cntialiicw solutions were generated in a very short time. The
number of ncw solutions generated by using ‘1121 7 isconsideredto be over an orderof magnitude
higher than using the old methods. ‘1 wo idcashave patent level quality.

L. I ntroduction

“Innovatc or disappear” isthe slogan oftenheardtoday. In the last two hundred years, the quality
of life cm carth was tremendously improy ed due to millions of invent ionsand innovations world
wide in the field of engincering and technology. Invention and innovation arc born as the
nccessity to solve a ncw technical 01 nontechrical problem. As customers demand for better and
better quality products isever incicasing. soisthe demand for innovative products and process.

The Theory for Inventive Problem Solving (13 1'S) |, also known as TR1Z, after its Russian
acronyms, is a newly U. S.introduced methodology that is 1evolutionizing the way the problem
solving is performed. This new concept was first conceptualized in 1946 by Dr. Genrich S.
Altshuller, a brilliant Russian inventor ‘1 he concept was flu-(her extended and used by thousands




of engineers all over former Sovict Unionar 11, | morerccently adopted by engineers and inventors
in f {urope, Japan, Isracl and U.S.

The Integrated Optic Rate Sensor (JORS ) wus chiosen to inventivel y improve its performance by
applying the principals of TIPS/I'R1Z ‘1 he task of applying this new methodology was
tremendously facilitated by using the thhee expert syst em applications provided by Inventive
Machine Corporation that combines ariificialintelligence with the Altshuller’s TRIZ. theory. All
three currentl y available Inventive Machil e 1xpert System soflware packages were used:
Inventive Machine Principles (I M-I)); Inventive Machine Predictions (IM-Pr); and Inventive
hdac.hint 1iffccts (IM-E). The main goalwas te provide the opportunity to apply these powerful
inventive concepts and usc the highest possibleconcentiation of necessary knowledge in order to
solve the | ORS improvement problenit,  he problenm was to improve the IORS angular rate
sensitivity while light was lost inalongeroptical waveguide that is required in order to improve
angular rate sensitivity. Using ‘1 'R17.  defined -awsof fingineering System  Involution”,
“Inventive Principles”, and “J ffcets”, alarpeaumber of possible new inventive solutions were
generated in a very short time.

1. Technical Description
Integrated Optic Rate Sensor (IORS) 1+ ahicro optical wavepuide on a rectangular silicon

wafer. The optical waveguide is g utrered plass on silicon wafer utilizing an c-beam formed
mask for waveguide fabrication. Tipure 1: nd 2 provide top and side views of the 10RS.
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Figure 2 1(ORS Side View
111. Principals of Opcration

1 .ascr light is coupled into optic.lwa icguise and propagates to beamsplitter 2. (See
figure 1.) Beamsplitter 2 splits thelipht equally, thus two beams propagate in opposite
directions in the spiral wave.{’,ul(lc Covmnter-propagating light recombines at becamsplitter
? and propagaltes to beamsplitter1. Bramsplitter 1 splits the light equally; one-half the
light returns to the optical sourcoinpat (unfortunately) and one-half is coupled to the
photodetector. The device meisuresiaie of 1otat ion utilizing the “Sagnac effect”, where
the rotation rate input axis is perpaidicular to the plane of the spiral waveguide.

Normally, counter propagating light | »cams in the spital waveguide recombine at
beamsplitter 2, in phase. At i{ rottioniate input Q, the counter propagating light beams
in the spiral waveguide recombine arbeamsplitter 2, out of phasc.

Where delta phase, A®: 41J1.1Q
AC
.- 1.engthof Spiral Wavceguide
R: Mecan Radius of Spiral Waveguide

A= Wavelength of 1 .1ght
c: Speedof 1.ight
2= Input Rotation Rate

1V. Technical Problem to be Solved.

Since rotation rate sensitivity is proporiionalto length of the waveguide, we would like to
make the optical path length of the spiral waveguide aslong as possible. Unfortunatel y,
the losses in the optical wavepuide arc large, 0.2 dB/cm.  If” the losses arc too large, no
light carrying output signalis detected, ,mdthus 110 angulatiate can bC measured. 1. osscs
arc belicved to be duc to wavepuidciovpghness.



v. Conflicting 1 invironment

i n order to successfully improve TORS par formance, several conflicting elements or
problems have been identi ficd thatnec dto be resolved.

«  Management conflict  Thi<JORSiechniolopy t0 be competitive has to be kept at low
production cost, low mass ands 11:11 device volume. In order to keep production cost
competitive, the intent istomassproduce this miniaturized angular rate sensor. But
before it is mass produced, 111. JORN has 10 have highiotation rate sensitive.

e Technical conflict. J.ow costlow weight, small volume and high rate sensitive JORS
is a ncw un-proven technology. 1thasbeen shown that a short optical waveguide has
little light loss, but i crfornedatsreduced angular rate. sensitivity. On the other
hand, a longer optical wavepuide b animproved angular rate sensing, but has large
light 1o sscs. Duc to opticallosses imalonger optical waveguide, a weaker optical
signal is detected at the outputani thus it is more diflicult to measure the angular
rate, and therefore no improvaneniof TORS rate sensitivity is possible.

«  Physical conflict. Inthcory, Dhhysical contradiction is when a requirement has
opposite parameter charscteristics.  hitheIORS case, the physical conflict is caused
by the need to have a shortwi: vepui de which is not losing. propagating light but is not
rate sensitive , and the nced to have alonger waveguide to improve the angular rate
sengitivity butisloosing propapeting light. The physical contradiction then is:

TO HAVE A SHORT OF 1 1TCA L WAVEGU) DE and TO HAVE A LONG
OPTICAL WAVEGUIDY. By ¢} uninating this physical contradiction, the TORS
angular rate sensitivity willbe i niproved and the problem will be solved.

V]. Object/Iicld Investipation
‘The Object/Ficld Analysis is t i ¢ come:stone of ‘TR17. }iach problem has to be broken
down into elements of two objccisanda field both for positive response and negative
response. The object ficld analy sisis niide up of the following S-Field diagram:

Where S, is a “tool” that acts on “object” S1, and ‘IS a“ficld” that represents an energy
source related to the S1 - S interaction,

In the 10RS real situation], duc to the rouphness of the waveguide, some of the polarized
input light islost due to refraction. *Loinprove the inward propagation by reflection and
diminish outward refract ion, acladisadded onthe outside of the waveguide. 1 iven with
the clad added, some polarizedinputlightis stilllost. The S-Jicld diagram for our 10RS
systemiis:
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The “function” is transmission, otsiniph FRANSMIT”, which is the action-verb in the
functional statement, “WAVI GUII O IRANSMITS IR LIGHT” The “stars” indicate an
undesirable effect, i.e., not all the | R 1 ICGHT . transmitted; some 1R LIGIT islost. The object
of the conceptual approach isto have timsnissionwithoutlosses.

VII. The ldcalized Function

Theideal situation is when the productis performing at infinitescliability, and at no cost to
produce the product,

In anidcal IORS system , the lightshouldpropagate through the waveguide as if no waveguide
isthere at all. ‘The ideal situation is whenalirciorning light is detected at the output regardless of
the length of the waveguide. This willallowthcrate sensitivity to approach infinity.

VIII. Analysis of 10RS Using Invention Machine Principles Expert System

Using Invention Machine Principles (i M 1'} Expert System, the following Inventive Principles
were recommended by the technical contiadictions whichemerged.  These inventive principles
were used by analogy, along with the assoc ratedpatent collection, to anive at possible solutions
to the general problem of “no or Jittle detection signal due to losscs” along the waveguide. Using
inventive principals from IM-P softwarc, cetiintechnical conflicts (shown bellow) can be
overcome,

Technical Conflict Recommended 1nventive Principle
1.ength of Stationary Object versus Hlumination 113 1.0CAL QUALITY

Intensity 1125 Sill F-SERVICIS

| .ength of Stationary Object versusl,osses of 1124 INTERMEDIARY
information 1126 COPYING

1 .ength of Stationary Object versus Mcaswcrnen: 7132 CHANGE OF COLOR
Accuracy 1128 CHANGE MECH. DESIGN
11 31 OCAL, QUALITY

Length of Stationary Object versus 1)if)icolty of #26 COPPYING
Mcasurement



The principles are defined below.

1.0CALQUAL]'IY:

COPYING:

INTERMEDIARY:

CHANGE OF
CO1.0OR:

SELYF-SERVICE:

CHANGE
MECHANICAIL
D ESIGN:

(1) GofromaUNIT 1 OR M STRUCTURE of the waveguide to a NON
UNIFORM S 11<( 1CFURL; (?) (1o from aUNIFORM STRUCTURE of
the externalenvirenment (lighit??) to a NON UNIFORM STRUCTURE.

(D) Instcad of anunavailable, complicated, expensive, inconvenient or
fragile objcel, uscit ssiimplerand cheaper copies; (2) Replace the object
or system of objcctswi thopt ical copics (images), scaling, up or down
these copies: ( 3j 1 f vi -ible optical copies arc used, go to infrared or
ultraviolet copics.

(1) Use anintermediate carrierarticle (waveguide??); (2) Merge the
waveguide temporari v with another object (?2?) which can be easily
removed.

(1) Change the colar ¢f the object or of the external environment; (2)
Change the transpauency of the object or of the external  environment.

(1) The objectna wr ve itself by performing auxiliary and repair
operations; (?) Vs wastc(of encrgy, substance, de.)

(1) Replacemech:meal circuits withe optical, acoustical or odor circuits;
(2) Usc clectiivity, maynetic or¢lectro-magnetic fields to interact with
the object; (3) (h) fro11static fields to movable ones, from fixed to
variable, from nor-stroctured fields to those having a certain structure;
(4) Use ficldsincompunition with ferro-magnetic particles.

The following observations, recommendations directions, solutions and paths arc observations
from applying these inventive principlestothiclORS System,

LLOCAT, QUALITY P RINCIPLY: i3

1. Using Local Quality Principlc, go fiotnauniforin to a non-uniform structure for the light
input, using several laser bcainsoldinienng wavelengths, obtaining awavelength-versus-
phase-shift profile which is rclatcdtarottional speed (8 compared with just one phase
shift for onc laser beam, as rclatedto ratational speced).

2. Go from a uniform to a non-uniformwarcguide structure.  Yor example, what would the
idea of '’ many paralel waveguides”incun”

3. What would a very very small wavegwmdesizemean(and doy?

4. What if the mean radius of the spiral wavepuide approached infinity? What would that do,
and could it be made?




10.
11
12.

13.
14.
15.

Canwe intentionally usc inteinalieficction inside the waveguide (e.g., at selected points) to
simulate a much longer wavcgwde vheninfact,itis notinuchlonger?

If waveguide roughness is belicved t o be 1t e chief’ cause of losses, what positions Or points
on the cross-section arc most hkely to contribute to losses? What canbe done in advance
around these points?

What would “applying a periodicity to timncoming laserlight Pulse” do to our problem?
Could wc create a “periodicity inshipe” wo the waveguide, so that a unit length of it would
represent 100 or more actual lenpth-? Jerexample, what if the waveguide was extremely
wavcelike while it procceds initspencral ditection? What if the amplitude of the physical
wavelike waveguide was ver y high?

What action during the wavepuide manufacture could reduce or eliminate waveguide
roughness?

What would a pulsed laser beam dotathiproblem?

What would a pulsc of diffcr entliiserwavelengths do to this problem?

Can onc part (operation) of’ the win cguice be used primarily for transmission, and another
part (operation) to reduce l0sses'j | <o ow so?

What would a “waveguide woundupon i[.(if” mecan, or look like, or do to this problem?
What if the variability of mcan t adiusof the spit al waveguide were radically increased?
Can wc make a “wavcguide withinawa cguide?” Can we canny this to extremes? What
arc the implications?

COPYING PRINCIPLY #26

16.

17.

18.
19.
20.
21.
22.

23.

Make a list of what factors (matcrisls sive, shape, configuration, etc..) might cause optical
1o sscs, and accentuate thesce factor i 11soveral simulated phase shift tests, using Taguchi
Analysis todctermine the “optimuin’ ¢verall combinat ion of parameters which has the
lcast losses.

Consider ways to amp] i fy the yotatioral effect 011 light transmission, making for an
apparently larger rotational speed thimactually exists (i.e., amplifying the Sagnac Effect).
Spiral the spira (i.e., a spiralwithinaspiral).

Is the Sagnac Effcct amplificd by aneleciromagnetic field?

1s the Sagnac Effect amplificd incombinition with other effects?

Study standard rotational situationsandcompareactual versusstandards.

Isthere any relationship bet weenthic optical losses” encounter cd, and rate of rotation? If
so, could this be considered in developin: the measuring system?

What if wc changed the ‘'I'Y1'] ©of clecticmagnetic radiation from the visible light range to,
c.g., Ultraviolet? infrared? wavelengihstarbeyond the visible range? Can phase shifts bc
detected more easily’?

INTERMEDIARY PRINCIPI 1: 424
24. Can the laser light be re-citculated severs) (many'?) times within the waveguide to simulate

the length of wavcguide whiclinonmasllywould berequir cd to yield high sensitivity?

25, Can additional light beams beinttoduced into the systemto “protect” the phase-changed

light from being lost due to wavepuideioughness?

26. What intcrmediate substance (adiition”) canbe applied between the incoming light and

the rough arcas of the wavepuide, toectis a “bufler” zone, preventing or reducing 1o sscs?

27. Any intermediate layer ot bufler zone witl “sI”IOO01}" out losscs.




28. What third substance (electromapnctic e hiation?) can be added to the system to reduce
10 SCS?

29. Cantheincoming light pulse be *doctored” or “doped” in some way (c.g., with other light
pulses) to make it less susceptible to losse-. or onthe otherhand, to make the phase change
mo1 ¢ pronounced?

30. Can the incoming light be contiolled by anelectiomagnetic (or other) field, in order to
reduce losses during rotational measurcingits?

31.  Explore means of making the wavcpuide thore an-isotropic, promoting light transport along
thelength, but not radially.

32. Addathitd (and fourth) cftect to the Sapnac “Rotation-phasce change” effect. Consider
clectromagnetism.

Cl 1ANGE OF COLOR PRINCIPL ) #1532

33. During fabrication of the waveguide, ¢hange color of the two different glass media in such
away as to reduce losses (c.p., changedegiee of 1eflectivity, tc. )

34. Coat waveguide with non-trsusparenieciumduring fabrication.

35. Form a waveguide cross- scction which 1. uses any radiallight inwards, thereby reducing
losses because of the geometry of the Wavegraide’s cross-section.

36. In general, make the wavcguideinapetransparent to light along its length, and less
transparent radially.

SELF-SERVICE PRINCIPL L 4125

37. When the waveguide transmits ighit it vses the effect itself (light transmission and/or
rotation) to reduce | 0sses, or (o improwve sensitivity.  Consider how this might bc
accomplished.

38. Coil several wavecguides togctherlengthvise. Group several waveguides in parallel. Coil
the waveguide to form alayer, then anext layer, cte., to simulate length. What will these
three situations creatc?

39. Usc the centrifugal force gencratcd by.otation to change the density, and thercfore,
transmission propertics (andlosses?? ) of the waveguide.  1sthere a density/rotational
relationship?

CHANGE OF MECHANICAL DESIGNPRINCIPL/AL 408

40. Introduce ferromagnetic pat ticlesinto thewavepuide material and change the phenomena
with an clectromagnetic ficld.

41. Usce ferromagnetic particle additi vesto v avepuide materialto fabricate waveguide in the
manner desired.

IX. Analysis of IORS Using Inventive Machine Prediction Yxpert System
By using Invention Machine Prediction (1 M-Pi) Expert System a number of additional 22 ncw
possible solutions and concepts were gencrited. The IM-PreObject] - Action - Object2”
interaction evaluation, as well as. the “PiedictionTree” analyses wer ¢ explored. Some of these
IM-Pr suggested solutions arc similarto ones sbove resulted from the IM-P proposed solutions.
Nevertheless, all of the IM-P1sugpcsted solutions are listed. The following arc the IM-Pr
suggested solutions:




U sc IORS with betterefficiency byusing onintermediate catsier article or intermediate

process. Principle 24 - ‘INTERMEDIARY

. Usc of an intermediate carrictarticle orintermediate process

« Merge one object tempor ar y with anot bier (which can be casi ly removed)

Usec I0ORS with better efficicney by chenging the transparency or color. Principle 32 -

‘COLOR CHANGES’ ;

. Change of color of an objcet o1t ¢ xt¢ 1 nal envitonment

. Change of transparency of’ st objoci or its external environment

Use 10RS with better efficicncy by 1 ¢placing a mechanical means by electrical, magnetic or

clectromagncetic field. Principle 28 - MECHANICS SUBSTITUTION:

. Replace amechanical means with ascensory (optical, acoustic., taste or smell) means

. Usc electric, magnetic, and clectromagnctic ficlds to interact with the object

. Change from static to movable ficlds

. ¥rom unstructured ficlds to those baviry structure

« Usc ficlds in conjunction with fici & activated (c. ¢. ferromagnetic particles)

Usc JORS with better efficiency by making cach part of anobject function in conditions most

suitable for itsoperation. Principle 3*),( ¢ “Al. QUALITY’:

. Change an object structure fron unilonn w non-uniform

« Change an external environment (orexernalinfluence) from uniform to non-uniform

. Make each part of an objcctfunctioninconditions most suitable for its operation

. Make cach part of an objcctfulfilladifiecentand useful function

Obtain IORS better efficiency by dividing an objectinto independent parts. Principle 1 -

‘SEGMENTATION’:

. Divide an object into independent pon ts

« Makc an object easy todisasscinble

. Increasc the degree Of frapmentation (s¢pmentation of an object)

Obtain 10RS with better efficicney byseparating (inspace o1time) an ‘interfering’ part from

an object. Principle 2 - “TAKING (){11“ :

. Separate an ‘interfering’ par t (orproperiy) fromanobjector single out the only nccessary
part (Or property) of anobjcct

Obtain IORS with better cfficicney byyer g, rming 1equired changes of an object before it is

nccded. Principle 10- ‘PRELIMANARY ACTION™:

« Perform, before it isneeded, 11 e rcquined change of an object (either fully or partially)

. ]'rearrange objects such that they can come into action from the most convenient place
and without losing time fortheirdelivery

Obtain 10RS with better cfficiency byusing: gas or liquid parts of an object instead of solid

parts. Principle 29- ‘PNEUMATIC & HYDRAULICS?

. Usc gas and liquid parts of anobjcctinstead of solid parts (c.g., inflatable, filled with
liquids, air cushion, hydrostatic. hydyo-reactive)

Obtain 1ORS with better efficicncy by causinig an object to vibrate o1 oscillate. Principle 18-

‘MECHANICAT, VIBR ATION’:

. Cause an object to oscillate o1 vibiate

. Increasc its frequency (cvenup to ultrasonic)

. Usc an object’s resonance frequenc y




10.

11.

12,

13.

14.

16.

17.

18.

19.

. Use electric vibrators instcad ofmcechanical ones

« usc combined ultrasonic and clect omagnetic field oscillations

Weaken (reduce) action 1 eftaction, introiuce additive with sharp memory effect into

wavcguide and/or cladding fabrication procss,

Improve waveguide reflection by ¢hanging from uni form to composite materials. Principle

40: “ USE OF COMPOSITE MATERIALS :

« Composite materias (change fr onuniforin to cornposite, multiple, materials)

Improve wavceguide reflection by tryinip to achieve slightly more or lightly less of desired

change of an object. Principle 16- "PAR TTAT OR | X CESSIVEE ACTION’:

.1 100% Of an effect is hardto aclicve using a certain solution method, then by using
slightly less or slightly moi ¢ of thcsamaonethiod, the problem may be considerably easier
to Solve

Improve waveguide reflection by making portions of an object that have fulfilled their

function go away. Principle 34 - “1ISCARDINGAND RECOVERING:

. Make portions of an object thathave fulfilled their functiongo away (discard by
dissolving, evaporating, ctc.) ormuodify these direetly during operation

. Conversely, restore consumable puttsof an object directly during, operations

Improve waveguide reflection by imiikinp anobject perform multiple functions. Principle 6-

‘UNIVERSALITY:

. Make a part of an objcct perfornmultiple functions; eliminate the need for other parts

. Improve waveguide reflection by placing one objectinside another. Principle 7- ‘NESTED

1)01.1,":

. I'lace onc object inside another. placecichobjectinturn, inside the other

« Makc once part pass throuph a cavity inthe other

Improve waveguide reflect ion thy usin ha-nfulfactors to achicve a positive effect. Principle

22 -‘BLESSING IN DISGUISE":

.Use harmful factors (particularly, hianmtuleffeets of the environment or surroundings) to
achicve apositive effect

« Eliminate the primary haimfulactionbyadding it to another harmful action to resolve the
problem

. Amplify a harmful factorto such depiccthat is nolonger harmful.

Improve light loss by inverting theactinnuses o solve the, problem (e.g. instead of cooling

an object, heat it). Principle 13 -<111-OTHER WAY AROUND’:

« Invert the action(s) used tosolve the problem

. Make movable parts fixed and{fxcdparis movable

«  Turn the object “upside down™

Improve light loss by thermal cxpinsionPrinciple 3/ - “I'T IKRMAL EXPANSION’:

. Use thermal expansion (orcontradiction) of matcrials.

Improve waveguide reflection by usmy palsing actions or by per forming different actions
between impulses. Principle 19. ‘PERTODIC ACTION’:

. Instead of continuous action, uscperiodic o1 pulsing actions

. If an action is dready pciiodic, changethe periodic magnitude or frequency

. Usce pauscs between impulses to pet form a different action




20. Improve waveguide reflection by usiig phose transition phenomena (e.g. volume changes,
heal absorption). Principle 36 ') LIASETRANSITTON:
. Use phenomena occur ring duting pluset ansition (c.p. volume changes, loss of
absorption of heat, etc.)
21. Improve waveguide reflection by using fiexible shells and thin films.  Principle 30 -
T LEXIBLESHELLS AND THINITIMS?
. Use flexible shells and thinfilimsinstesdof thiee dimensional structures
. Isolate the object from theexternalenvironmentby using flexible shells and thin film
22. Improve waveguide reflection by replacingnormal envitonment with an inert one. Principle
39 -‘INERT ATMOSPHERI :
« Replace a norms] environment wy thaninertone
« Add ncutral parts orinertadditivestoanobject

X. Analysis of JORS Using Inventive Machine Fffects Expert Systern

The Inventive Machine Effects (IM-E)Yxp.ii System was used to act as a rcfresher of
knowledge related to physical, chemical andichanical effects, that could bc taken advantage of
during the process of I0RS innovative parformaniceimprovement. since polarization of input
ight IS onc effect that was nceded to be considered, two light effects were scarched for and
provided as referenced informal i oniby the 1M 1 software. After the desired effect description,
IM-11 software also provided suggcstions to b, followed. The two light effects listed by IM-E
arc:

1. Absorptionoflight

“Absorption of light is a decreasc inthe cncrgyof alight wave propagation in a substance. This
decrease IS duc to the transformiation of the wave’s energy into the intrinsic energy of the
substance or the energy of sccondary vadianonthat has another spectral composition and
directionof propagation. The lighit alhsor prtionspectrumdepends on e Chemical nature and
aggrepat e state of the substance. ‘1’1 ic colmotd yc and mineral solutions may be explained by
sclective light absorption. Absorption of liphti« nsed to study the composition of a substance, to
make a chemical analysis of substance (absorption spectrum analysis). Infrared heaters arc
designed on the bases of clectromapnetic wave absot ption phenomenon™.

The effect absorption of lightallows thcsction EVAIUATE WHERELIGHT T 1S 1,05’ AND
CORRECT ‘I'11EPROBLEM to bepefoimed

Analysis of the solution achieved.

Implementation of  solution obtaincdr cquites: INCREASE POLARIZATION OFF INPUT
LIGHT.

2. Double Refraction.

“Double refraction implies the splitiing of abeam of light into two mutually perpendicular
polarized beams that have differentvelocities of propagation inthe medium, Double refraction
occurs when the beam of light passcstinouphananisotiopictransparent medium, The first beam




is polarized per pendicularly to the opticalasisof the crystal; the second beam is polarized in the
principal plane of the crystal. The velodity o: propagation and the refractive index of the first
beam arcindependent of the ditectionof itspropagation, while those of  the second beam depend
onits propagation. A phenomenonidenticalto doublerefi action can be observed in other
wavelength ranges of magnetic waves’,

The effect doublerefraction allowstheaction EVALUATE WI TERE LIGHT IS 1,0ST AND
CORRECT ‘7] 1EPROBLEM to bie perfonned.

Anal ysis of the solution achicved

Implementation of the solution achicvedicquies:INCREASE]) 101 ,AR17,A’I’ 1ON QF INPUT
LIGHT.

The two 1 M-ii effects listed above atc bl suppesting the same solution , which sto increase
polarization of input light. Thissuggcestonisadded and counted as the 64-th - M suggested
possible solutions.

XI. Analogy Study, Evaluation and Sclection of Best Solutions

For each of the 641M suggested solutions, I M data basc also provided easy access and display of
onc or more examples of patents and inventions that are using similar principles as to the 1M
suggested solution.  Through fur ther sanalogy and per sonal expertise and experience, specific
ncw proposed solutions to innovativel lvimyrove JORS angulart ate sensing  capability were
generated. Most of these specific new proposed solutions were generated as a result of a
trimming process and by combining twoe 01 more of the initial 64 1 M suggested solutions. Some
of these new specific solutions had new confi:ets and problems to be solved. For each of these
ncw solutions, a “Course of Action™and I pected Results>’ were generated, along with the
identification of “The Level of Practicality™,  Conclusion”, and “Ranking”. The header of the
table used to evaluate and rank cach spocific new proposed IORS performance  improvement
solution is provided in Figure 3. 1n o1 dei tov protect the newly gencrated IORS innovative
improvement related intellectual properiy, thelist of the new specific proposed solutions and
their ranking a1 ¢ not shown.

‘New Proposcd New Problemor | Levelof [ Conclusion Final Ranking
Specific. Solution Conflict to be Practicality
Solved

Figure 3. Sclection of Bestivew Specific Proposed  Solutions

The first two ranked specific new proposed sotutions were generated by combining two or more
initial 1M suggested possible solutions auidweie considered to have patentlevel of quality.




